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Wheelchair Design for People with Neuromuscular 
Disability 
The observation that wheelchairs often failed 
to provide the mobility and support needed by 
patients with neuromuscular disability facilitat-
ed this study. Three groups of subjects with 
multiple sclerosis, spinal cord injury and mus-
cular dystrophy were examined to determine 
their various disabilities and anthropometric 
measurement. These were then compared with 
wheelchair dimensions in an endeavour to 
determine whether the problem was wheelchair 
design or poor prescription. An evaluation of 
wheelchair use was also included. 
Results showed that several wheelchair dimen-
sions including seat depth, arm rest height, 
backrest height and lack of contour support 
failed to match the sample population, indicat-
ing the need for greater care in selection of 
wheelchairs for patients with neuromuscular 
disabilities in addition to the need for design 
revision. 
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To many disabled persons, the 
wheelchair has meant the difference 
between a life of loneliness and con-
finement, and a freer, more active and 
comprehensive life style. It has pro-
vided the basis for mobility and inde-
pendence and for many, is the most 
important aid available to compensate 
for loss of muscle power, mobility, 
balance or co-ordination. How essen-
tial it is, then, that the design of this 
aid to functional living should be of 
the best quality, and that it should 
meet the specific requirements of each 
individual user. 
Unfortunately, this is often not the 
case and patients who use a wheelchair 
entirely for mobility have sometimes 
found that through inadequate design, 
it is not the source of support, control 
or mobility for which they were hop-
ing. The possibility that the patient 
was being required to fit the standard 
wheelchair, rather than that the chair 
was designed to meet the person's 
requirements, sometimes seems very 
real. 
Clinical observations of patients 
whose needs were poorly met by the 
wheelchair supplied, prompted the ini-
tiation of this study. This was aimed 
at comparing the needs of certain 
patients with the specifications of 
available wheelchairs and, where needs 
were apparently not being met, making 
recommendations which could lead to 
more suitable wheelchair design. To 
provide focus for the study, it was 
decided to confine attention to three 
types of patients: those with multiple 
sclerosis, traumatic spinal cord injury 
and muscular dystrophy, as these con-
ditions cover a wide spectrum of var-
iables in clinical presentation. 
Wheelchair Requirements 
Ideally, the wheelchair serves the 
major functions of mobility and sup-
port of the disabled person, as well as 
providing the basis for their activities 
of daily living. So each of these pur-
poses must be considered carefully by 
the wheelchair designer. In addition, 
provision must be made in design to 
cater to the special features of disa-
bility, so that the wheelchair matches 
the requirements of the user. 
The wheelchair is required primarily 
to provide a means of efficient loco-
motion — that is, to provide mobility 
for the user while he or she expends 
the minimum amount of energy. Fea-
tures which may require the user to 
expend more energy for safe function 
include poor body support, inappro-
priate drive wheel positioning, inac-
cessible or inefficient brakes, and the 
weight of the wheelchair. 
For further improvement in func-
tion the user needs to be comfortable 
and this requires matching of their 
anthropometrical measurement with 
the wheelchair dimensions. Wheelchair 
variations should also suit the ability 
of the user to transfer by providing 
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removable arm rests and foot rests 
where needed. 
The effect of gravity on the user 
also needs to be taken into consider-
ation, especially where normal muscle 
function is unable to oppose its pull 
and over weight-bearing surfaces, 
therefore highlighting the need for 
contoured trunk support and adequate 
seat padding. 
While individual patients exhibit 
different problems depending on the 
nature, extent and progress of their 
disability, there are certain features 
associated with particular conditions 
which should be considered when 
designing wheelchairs, to ensure that 
the special needs of long-term users 
are met. In reviewing the wheelchair 
requirements of patients with neuro-
muscular disabilities, such factors as 
reduction in muscle power and endur-
ance, abnormal tone with or without 
release of primitive reflexes, sensory 
loss and muscle atrophy must be borne 
in mind. 
Other problems which may be 
exhibited by patients with neuromus-
cular disturbances include ataxia, 
which may lead to difficulty in bal-
ancing the trunk or in propelling or 
manipulating the chair; dyspraxia or 
lack of motor planning, causing ina-
bility to perform a task; heterotopic 
calcification around joints in the spinal 
injury patient, leading to decreased 
range of motion; or contracture for-
mation from habitual postures and 
inability to move. 
This study investigates the implica-
tions of these problems on wheelchair 
specifications and design. 
An Appraisal of User 
Requirements and Wheelchair 
Specifications 
In this study, several approaches 
were taken to collect the necessary 
data. Consideration of the special 
needs of persons with neuromuscular 
disability highlighted the specification 
necessary for appropriate wheelchair 
design. The anthropometric dimen-
sions of a representative sample of 
patients with these problems, and the 
collation of user opinions regarding 
the adequacy and suitability of their 
wheelchairs, provided the data for 
wheelchair specification recommen-
dations for this particular group of 
subjects. An evaluation and measure-
ment of currently supplied wheelchairs 
allowed a determination of whether 
current design features satisfy the spe-
cific needs of persons with neuromus-
cular disability. 
The subject sample for the study 
consisted of 15 wheelchair users. An 
attempt was made to ensure that the 
subjects were representative of the 
parent population in terms of age, sex 
and degree of disability. Seven persons 
(four women and three men) with 
multiple sclerosis, aged between 34 
and 67 years, were included. Their 
degree of disability varied from total 
disablement with only head movement 
remaining, to normal trunk and upper 
limb function associated with a spastic 
diplegia. Five spinal injured patients 
(three women and two men) aged 
between 19 and 65 years, were also 
studied. Patients with differing levels 
of spinal injury were included, and 
the injury level ranged between C4-5 
and LI. The remaining three subjects 
(two women and one man) aged 
between 25 and 64 years, suffered 
from muscular dystrophy. 
Anthropometric Measurements 
As a basis for comparing the 
requirements of wheelchair users with 
the dimensions of currently available 
wheelchairs, a number of anthropo-
Figure 1: Anthropometric measurements 
(1) shoulder height sitting 
(2) biacromial width 
(3) olecranon height sitting 
(4) buttock/popliteal length 
(5) popliteal height sitting 
(6) buttock width sitting 
(7) height of lumbar curve 
(8) height of thoracic curve 
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Table 1: 
Comparison of anthropometric measurements of wheelchair users with 
relevant wheelchair dimensions 
Anthropometric 
dimension 
Shoulder height 
Olecranon height 
2/3 Buttock-knee 
length 
Biacromial width 
Popliteal height 
Buttock width 
Height of lumbar 
curve 
Height of thoratic 
curve 
Comparable 
wheelchair 
dimension 
Armrest 
height 
Seat depth 
Backrest 
width 
Seat height 
from floor 
Seat width 
Lumbar 
support 
Backrest 
Measurements 
of wheelchair 
users 
(cm) 
x" 
50.1 
14.8 
35.2 
39.8 
41.1 
39.3 
16.6 
39.5 
SD 
0.2 
2.0 
2.9 
2.0 
3.6 
0.1 
0.7 
0.8 
Measurements of 
commonly used 
wheelchairs 
(cm) 
X 
22.1 
40.4 
40.0 
50.3 
40.0 
No lumba 
suport 
provided 
39.0 
Range 
18.8-23.8 
35.0-45.0 
37.5-45.0 
46.3-53.8 
37.5-45.0 
r 
35.0-43.8 
metric measurements were taken of 
the patients included in the study. The 
subject was seated in an erect position 
on a stool, with the thighs horizontal, 
the knees at right angles, the shoulders 
in 25° flexion and abduction and the 
forearms horizontal. An assistant sta-
bilized the subject in this position, if 
necessary, while the dimensions illus-
trated in Figure 1 were measured. 
A consistent approach was taken to 
the measurement of all subjects, and 
the same physiotherapist was respon-
sible for all measurements. After col-
lation of the dimensions so obtained, 
the means and standard deviations of 
each were calculated for later com-
parison with wheelchair dimensions. 
These are presented in Table 1. 
Evaluation of Patients' Use of 
Wheelchair 
To elucidate problem areas experi-
enced by wheelchair users with neu-
romuscular disabilities, an evaluation 
of the subject's functioning within the 
wheelchair was undertaken. Particular 
attention was concentrated upon the 
areas of support, ability to apply the 
brakes and methods of propulsion and 
transferring. Using a checklist format, 
the following points were noted: 
• The posture adopted in the wheel-
chair. 
• Whether posture might be better 
supported with an altered design. 
• Any inadequacies of wheelchair 
design leading to poor posture (eg 
a high upright backrest, or lack 
of either lumbar or lateral sup-
port). 
• Method of wheelchair propulsion 
(pushing, pulling, paddling). 
• Wheelchair design features which 
might limit propulsion (eg inter-
ference of the backrest with 
shoulder movement, armrests 
interfering with pushing ability, 
too wide a seat limiting access to 
wheels, or footrests obstructing 
'footpaddling' movements. 
• Ability to apply brakes. 
• Wheelchair design limiting brake 
use (eg inability to reach brake 
lever, too little muscle strength to 
effectively apply brakes, or failure 
of brake mechanism). 
• Methods of transfer used (eg slid-
ing sideways or forwards, or 
standing). 
Examination of the data collected 
from these surveys revealed a number 
of interesting points. Of the fifteen 
subjects in the study sample, not one 
displayed a good, erect, well supported 
posture in his or her own wheelchair, 
although all could have attained a 
better posture with some alteration to 
wheelchair design. In two of the sub-
jects, a too high backrest had induced 
an increase in the thoracic kyphosis, 
while in nine of the subjects, an 
inadequate lumbar support had led to 
either an increase or a decrease in the 
lumbar curve. Lack of vertical and/or 
horizontal support from the backrest 
to counteract the effect of gravity on 
the trunk, had contributed to the 
development of a scoliotic curve in 
four of the subject sample. 
It was found that in propelling their 
wheelchairs, twelve of the subjects 
used a pull/push force on the drive-
wheels, while two combined a push 
and 'footpaddle' approach for pro-
pulsion. When propelling rear wheel 
drive chairs, arm extension is required, 
but four of the subjects found that 
the backrest interfered with that move-
ment. In addition, eight found that 
the armrests interfered with wheel 
access, the efficiency of one was lim-
ited because of inappropriate seat 
width, and in one, foot propulsion 
was inhibited by the position of foo-
trests. 
The ability to use brakes effectively 
on a wheelchair is most important for 
the safety of the patient. While nine 
of the subjects could reach and handle 
the brakes effectively, because of fail-
ure of the brake mechanism in some, 
only six of the group could apply their 
wheelchair brakes satisfactorily. Of 
the six who could not use their brakes, 
half could not reach the brake lever 
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and the remaining patients were too 
weak to apply it correctly. 
On examination of transfer methods 
used by the subjects, it was found that 
two used a sideways slide transfer, 
while ten stood to effect a transfer, 
the remaining group being lifted from 
the chair. 
The results of this survey were star-
tling, in view of the fact that these 
patients rely on their wheelchairs for 
mobility and support for long periods 
each day. The magnitude of the prob-
lems revealed suggested that either the 
patients had been supplied with an 
inappropriate wheelchair for their dis-
ability, or that wheelchairs in general 
do not satisfy the requirements of 
patients with neuromuscular disabili-
ties. A review of the specifications of 
wheelchairs in common use was seen 
to be important to this particular 
study. 
Evaluation of Wheelchair Features 
To determine whether wheelchair 
dimensions contributed to the poor 
position and functioning of patients 
within their chair, certain dimensions 
of commonly used wheelchairs were 
measured. Sixteen different models 
produced by seven manufacturers were 
studied and the dimension specifica-
tions reported in dealer catalogues 
were recorded for comparison pur-
poses. In each case, the dimensions of 
floor to seat height, seat width, seat 
depth, backrest height, armrest height 
and footrest length adjustability were 
noted. 
A comparison of the anthropome-
tric dimensions of the sample group 
with the mean measurements of the 
wheelchairs studied is set out in Table 
1. 
As mentioned earlier, eight of the 
subjects found that the armrests inter-
fered with their ability to propel the 
wheelchair. As Table 1 shows, while 
the mean olecranon height of the 
subjects was 14.8cm, the wheelchair 
armrest height ranged between 18.8 
and 23.8cm. This additional height 
forced many occupants to lift the arms 
over the armrests to reach the drive 
wheels, so placing the arms in an 
awkward position for applying a pro-
pulsive force. The level of the armrests 
also demanded an uncomfortable 
degres of shoulder elevation when the 
armrests were used as supports at rest. 
Many people might argue that most 
wheelchair users place a 10cm foam 
cushion on the seat which should raise 
them to the correct height to allow 
free arm movement. However, sitting 
on the cushion compresses it by 
approximately 7cm, so that the user 
would still be placed at a disadvantage. 
Further, many wheelchair users com-
plained of a 'shut-in' feeling when 
using wheelchairs with armrests so 
much higher than their own elbows. 
Currently, those wheelchair models 
with lower level armrests would be 
satisfactory for patients with relatively 
large olecranon height measurements. 
But, in view of the frequent problems 
experienced, the possibility of reducing 
the height of armrests or of providing 
the choice of two levels of armrest 
might be considered by manufacturers. 
In addition, greater care should be 
taken by health personnel when pre-
scribing a wheelchair for a patient, to 
ensure that the armrest height is suit-
able for the needs of that person 
irrespective of whether standard or 
desk arms are ordered. 
In most wheelchairs measured, the 
footrests were adjustable and catered 
well for the range of popliteal heights 
(ie seat heights) of the subjects. With 
so many subjects transferring through 
standing, the importance of having 
tip-up and removable footrests to pre-
vent trauma in the lower limbs cannot 
be over-emphasized. 
When reviewing the support provid-
ed by wheelchair backrests for the 
patient's trunk, it is apparent that a 
number of deficiencies exist. Most 
wheelchairs have a straight backrest 
mounted at varying angles to the seat, 
supposedly supporting the normal 
anatomical curves of the trunk. With 
this aim in mind, some wheelchair 
manufacturers have endeavoured to 
accommodate trunk curves by having 
the lowest part of the backrest vertical 
to the level of the forward lumbar 
curve, and then sloping it backwards 
at 15-20° to the vertical to allow for 
the backward curve in the thoracic 
region. However, this design does not 
appear to be successful and in many 
cases, appears to exaggerate the lum-
bar lordosis. 
Ideally, any contouring of the back-
rest should match the requirements of 
the individual occupant. Although this 
study of anthropometric dimensions 
revealed that the height of the maxi-
mum thoracic curve was fairly con-
stant for all users (39-40.5cm), the 
level of the maximum forward curve 
in the lumbar region was much more 
variable, ranging between 14 and 
20cm. To provide for individual sup-
port on standard wheelchairs, some 
adjustability of lumbar contouring' 
would be necessary. This could be 
achieved by designing the backrest in 
two parts. For example a sacral seg-
ment could be mounted vertically to 
extend upwards for 12cm and on to 
this, the lumbar support could be 
attached by means of clips such as 
those used in adjustable canes. Use of 
such telescoping uprights would allow 
the 'necessary variation in the height 
of the lumbar support. This section 
of the chair could initially curve for-
ward and then project backwards and 
upwards to accommodate the thoracic 
curvature, so ensuring good trunk 
posture and preventing deformity. 
The maintenance of the backrest in 
a position perpendicular to the seat 
and good postural support are neces-
sary to control not only those occu-
pants with hypertonicity but also those 
with low tone. Where patients have 
weak trunk extensors, rather than 
inclining the backrest posteriorly to 
ensure trunk stability, the chair itself 
should be tilted backwards by a few 
degrees on the rear wheel axles. This 
would also control increased extensor 
tone in the trunk and lower limbs. 
Provided that there is adequate pad-
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ding and contouring, pressure on the 
sacrum should not prove a problem. 
Although the wheelchair seat widths 
provided suitable accommodation for 
the range of patient sizes, the available 
seat depths showed some discrepan-
cies. Kamenetz (1969) has observed 
that the ideal seat depth is equal to 
two-thirds of the buttock to knee 
length. For this subject sample, this 
dimension ranged between 34 and 
39cm. However, as Table 1 shows, the 
range of dimensions in available 
wheelchairs is 35-45cm, with only one 
of the 16 models measuring 35cm, one 
model 45cm and 11 measuring 40cm. 
The effect of having too deep a seat 
on a wheelchair would be to cause 
people to move the buttocks forwards 
so as to maintain a right angle at the 
knees and, most importantly, the feet 
on the footrests. Such a forward 
position would eliminate any support 
provided by the lower part of the 
backrest and would encourage the 
development of a kyphotic posture. In 
view of the wide range of sizes of 
patients likely to need wheelchair sup-
port, the availability of two seat depths 
for each type of chair (eg 35 and 
40cm) might be appropriate. Once 
again, the importance of correct pre-
scription and selection of a wheelchair 
to match the relevant dimension of 
the patient must be emphasized. As 
different manufacturers provide 
wheelchairs with varying seat depths, 
the availability of the most suitable 
design for the individual patient must 
be a factor in selection. 
Observations of the efficiency and 
safety of the brakes provided on com-
monly used wheelchairs showed that 
the most effective and easily applied 
type was based on a lever mechanism. 
For the assistance of weaker patients, 
a longer lever arm could be attached 
to the brake handle and, by angling 
this extension, it could also be made 
accessible to those patients with lim-
ited upper limb movement. 
Conclusions 
Comfort, safety, durability, man-
oeuvrability and low propulsion effort 
have been defined as the most desir-
able features required in a wheelchair. 
This study of the wheelchair needs of 
patients with neuromuscular disorders 
and of the wheelchairs currently avail-
able has demonstrated that in some 
respects, the design specifications do 
not always provide these features to 
the extent required by the users. This 
applies in particular to the design of 
armrests, seat depths, brake lever 
mechanisms and to the height, con-
touring and angle of inclination of 
backrests. Too little regard appears to 
have been given by designers to the 
possibilities of minimising or control-
ling the clinically presenting problems 
of patients with neuromuscular disa-
bility, in order to improve their func-
tional capacity within the wheelchair. 
Further, in some instances certain fea-
tures appear to inhibit function. 
The results of this survey of wheel-
chair users also suggest that greater 
care could be taken in selecting a 
wheelchair from the various models 
currently available, to ensure that its 
particular design specifictions match 
the individual needs of the patient. 
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